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Abstract²7KLV VWXG\ LQYHVWLJDWHV WKH HIIHFW RI WZR LPSRUWDQW
SDUDPHWHUV OHQJWK RI FXULQJ SHULRG DQG SHUFHQWDJH RI WKH DGGHG
ELQGHU RQ WKH VWUHQJWK RI VRLO WUHDWHG ZLWK 23& $Q LQWHUPHGLDWH
SODVWLFLW\VLOW\FOD\H\VRLOZLWKPHGLXPRUJDQLFFRQWHQWZDVXVHGLQ
WKLV VWXG\7KLVVRIW VRLOZDV WUHDWHGZLWKGLIIHUHQWSHUFHQWDJHVRID
FRPPHUFLDOO\ DYDLODEOH FHPHQW W\SH1 ODERUDWRU\H[SHULPHQWV
ZHUHFDUULHGRXWRQWKHVRLOWUHDWHGZLWKDQG23&
E\WKHGU\ZHLJKWWRGHWHUPLQHWKHHIIHFWRI23&RQWKHFRPSDFWLRQ
SDUDPHWHUV FRQVLVWHQF\ OLPLWV DQG WKH FRPSUHVVLYH VWUHQJWK
8QFRQILQHG FRPSUHVVLYH VWUHQJWK 8&6 WHVW ZDV FDUULHG RXW RQ
FHPHQWWUHDWHG VSHFLPHQV DIWHU H[SRVLQJ WKHP WR GLIIHUHQW FXULQJ
SHULRGVDQGGD\V7KHUHVXOWVRI8&6WHVWZHUH
XVHG WR GHYHORS D QRQOLQHDU PXOWLUHJUHVVLRQ PRGHO WR ILQG WKH
UHODWLRQVKLS EHWZHHQ WKH SUHGLFWHG DQG WKH PHDVXUHG PD[LPXP
FRPSUHVVLYH VWUHQJWK RI WKH WUHDWHG VRLO TX 7KH UHVXOWV LQGLFDWHG
WKDW WKHUH ZDV D VLJQLILFDQW LPSURYHPHQW LQ WKH LQGH[ RI SODVWLFLW\
,3 E\ WUHDWLQJZLWK23& ,3ZDV GHFUHDVHG IURP  WR  E\
XVLQJRI23&WKLVSHUFHQWDJHZDVHQRXJKWRLQFUHDVHWKH8&6
RI WKH WUHDWHG VRLO XS WR  N3D DIWHU  GD\V RI FXULQJ :LWK
UHVSHFWWRWKHVWDWLVWLFDOPRGHORIWKHSUHGLFWHGTXWKHUHVXOWVVKRZHG
WKDW WKH UHJUHVVLRQ FRHIILFLHQWV 5 ZDV HTXDO WR  ZKLFK
LQGLFDWHVDJRRGUHSURGXFLELOLW\IRUWKHFRQVWUXFWHGPRGHO

Keywords²&HPHQW DGPL[WXUHV VRIW VRLO VWDELOLVDWLRQ
JHRWHFKQLFDO SDUDPHWHUV XQFRQILQHG FRPSUHVVLYH VWUHQJWK PXOWL
UHJUHVVLRQPRGHO
, ,1752'8&7,21
8( WR WKH UDSLG GHYHORSPHQW RI XUEDQL]DWLRQ WKHUH LV D
VLJQLILFDQW LQFUHPHQW IRU WKH GHPDQG RI VRLO DV D
FRQVWUXFWLRQ PDWHULDO 7KXV WKH ORRNLQJ IRU VXVWDLQDEOH
DOWHUQDWLYH PDWHULDOV VXFK DV VRIW VRLOV DIWHU PLWLJDWH WKHLU
JHRWHFKQLFDO SURSHUWLHV WREH VXLWDEOH IRU WKHXVH LQ GLIIHUHQW
FLYLO HQJLQHHULQJSURMHFWVKDVEHFRPHDQ LPSRUWDQW LVVXH >@
0RUHRYHU WKH PRVW LPSRUWDQW SDUDPHWHUV WKDW VKRXOG EH
LPSURYHG LQ VRIW VRLO VWDELOLVDWLRQ DUH VRLO VWUHQJWK YROXPH
VWDELOLW\DQGFRPSUHVVLELOLW\>@&KHPLFDOVWDELOLVDWLRQLV WKH
PRVWDFFHSWHGPHWKRGWRPLWLJDWHWKHXQZDQWHGVRLOSURSHUWLHV

+ 0 -DIHU 3RVWJUDGXDWH 5HVHDUFK 6WXGHQW /LYHUSRRO -RKQ 0RRUHV
8QLYHUVLW\6FKRRORIWKH%XLOW(QYLURQPHQW+HLVDOVRZLWKWKH'HSDUWPHQW
RI&LYLO(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ8QLYHUVLW\RI%DE\ORQ,UDTH
PDLO+0-DIHU#OMPXDFXN
.KDOLG6+DVKLPDQG$OL:$ODWWDELDUH3K'VWXGHQWLQWKH6FKRRORI
7KH%XLOW(QYLURQPHQW/LYHUSRRO-RKQ0RRUHV8QLYHUVLW\8.7KH\DUHDOVR
ZLWKWKH'HSDUWPHQWRI&LYLO(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ8QLYHUVLW\
RI%DE\ORQ,UDT
'U:$WKHUWRQ%(QJ+RQV3K')+($3URJUDPPH/HDGHULVZLWKWKH
'HSDUWPHQW RI &LYLO (QJLQHHULQJ /LYHUSRRO -RKQ0RRUH
V8QLYHUVLW\ 3HWHU
-RVW(QWHUSULVH&HQWUH%\URP6WUHHW/LYHUSRRO/$)8.
WR PHHW WKH VSHFLILFDWLRQ RI HQJLQHHULQJ SURMHFWV WKLV
WHFKQLTXH FDQ EH DSSOLHG E\ PL[LQJ XQGHVLUHG VRLOV ZLWK
FKHPLFDO ELQGHUV ZKLFK UHDFW FKHPLFDOO\ ZLWK ZDWHU WR ELQG
WKHVRLOSDUWLFOHVUHVXOWLQJLQVWURQJHUVRLOVWUXFWXUH>@
,WLVXQGHQLDEOHWKDWWKH2UGLQDU\3RUWODQG&HPHQW23&LV
WKHPRVWFRPPRQELQGHUPDWHULDOXVHGLQVRLOVWDELOLVDWLRQGXH
LWVDFWLYLW\WRLPSURYHWKHSK\VLFDODQGJHRWHFKQLFDOSURSHUWLHV
RI VRIW VRLOV VLJQLILFDQWO\ DQG WKHUH DUH SOHQWLIXO QXPEHU RI
UHVHDUFKHUV KDYH WUHDWHG VRIW VRLOV XVLQJ 23& DV D ELQGHU
PDWHULDO E\ HPSOR\LQJ GLIIHUHQW SURFHGXUHV RI VRLO
VWDELOL]DWLRQ VXFK DVGHHS DQG VXUIDFHPL[LQJ DV LQGLFDWHG LQ
>@>@
&HPHQW VWDELOLVDWLRQ LV WKH FODVVLFDO PHWKRG IRU FKHPLFDO
VWDELOLVDWLRQ ZKLFK LV DWWULEXWHG WR WKH DJJORPHUDWLRQ DQG
IORFFXODWLRQ SKHQRPHQRQ WDNH SODFHZLWKLQ WKH VRLO VWUXFWXUH
IRU ERWK RI VKRUW DQG ORQJ WHUP DORQJ ZLWK WKH K\GUDWLRQ
UHDFWLYLW\KDSSHQVDPRQJWKHZDWHUFHPHQWDQGVRLOSDUWLFOHV
7KH K\GUDWLRQ UHDFWLRQ SURGXFHV FHPHQWLWLRXV FRPSRXQGV
ZKLFK DUH FDOOHG HLWKHU FDOFLXPVLOLFDWHK\GUDWHG &6+ RU
FDOFLXPDOXPLQLXPK\GUDWHG &$+ GHSHQGDQW RQ WKH
DYDLODEOHW\SHRISR]]RODQLFFRPSRXQGLQWKHWUHDWHGVRLODQG
WKHVHFHPHQWLWLRXVFRPSRXQGVDUHUHVSRQVLEOHWRLPSURYHVRLO
SURSHUWLHVDQGLQFUHDVHWKHVRLOVWUHQJWK>@+RZHYHUFHPHQW
VWDELOLVDWLRQ WHFKQLTXH LV YHU\ FRPSOH[ DQG LW FDQ EH
LQIOXHQFHGE\VHYHUDODVSHFWVVXFKDVWKHH[LVWHQFHRIIRUHLJQ
PDWHULDOV VXFK DV WKH RUJDQLF PDWWHU WKH DPRXQW RI QDWXUDO
PRLVWXUHZKLFKDIIHFWVWKHZDWHUFHPHQWUDWLRWKHSHUFHQWDJH
RI WKH FHPHQW DGGHG WR WKH VWDELOLVHG VRLO DQG WKH FXULQJ
FRQGLWLRQ VXFK DV WKH GHJUHH RI WHPSHUDWXUH DQG WKH FXULQJ
SHULRG>@7KHGHYHORSPHQWLQWKHVWUHQJWKRIVWDELOLVHGVRLOLV
GHSHQGDQWPDLQO\RQ WKHSK\VLFDODQGFKHPLFDOSURSHUWLHVRI
WKHWUHDWHGVRLODQGWKHW\SHRILWVPLQHUDOV7KHH[SHULPHQWDO
ZRUNV FRQGXFWHG WR PHDVXUH WKH FRPSUHVVLYH VWUHQJWK RI
FHPHQWVWDELOLVHG VRLO LV YHU\ HVVHQWLDO WR SUHGLFW WKH VLQVLWX
VRLOVWUHQJWKDIWHUWUHDWLQJZLWKFHPHQW+RZHYHUWKHHIIHFWRI
WKH FHPHQW W\SHRQ WKH LPSURYHPHQW SURFHVVZDV LJQRUHG LQ
WKLVVWXG\VLQFHLWZDVSURYHQWKDWLWKDVOLPLWHGLQIOXHQFH>@
7KLV SDSHU IRFXVHV RQ WKH LQYHVWLJDWLRQ RI JHRWHFKQLFDO
SURSHUWLHV RI FHPHQWVWDELOLVHG VRIW VRLO ZLWK GLIIHUHQW
SHUFHQWDJHV      DQGRI WKHGU\ZHLJKW DQG
FXUHG IRU GLIIHUHQW SHULRGV RI FXULQJ ZLWK VKRUW DQG ORQJ
SHULRGVDQGGD\V$GGLWLRQDOO\WKLVSDSHU
SUHVHQWV WKH GHYHORSPHQW RI D VWDWLVWLFDO PRGHO XVLQJPXOWL
UHJUHVVLRQPRGHOOLQJ WRHYDOXDWH WKHUHODWLRQVKLSEHWZHHQ WKH
PHDVXUHG DQG WKH SUHGLFWHG RI 8&6 YDOXH XVLQJ 6366
SURJUDP 7KH HIIHFW RI 23& WUHDWPHQW RQ WKH FRQVLVWHQF\
$6WDWLVWLFDO0RGHOIRUWKH*HRWHFKQLFDO3DUDPHWHUV
RI&HPHQW6WDELOLVHG+LJKWRZQ¶V6RIW6RLO$&DVH
6WXG\RI/LYHUSRRO8.
+DVVQHQ0-DIHU.KDOLG6+DVKLP:$WKHUWRQ$OL:$ODWWDEL
'
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
OLPLWVDQG WKHFRPSDFWLRQSDUDPHWHUVRI WKHVWDELOLVHGVRLO LQ
WKLVVWXG\ZHUHDOVRLQYHVWLJDWHG
,,0$7(5,$/6
A. Soil Sample 
7KH WUHDWHG VRLO ZDV H[SRUWHG IURP WKH EDQN RI WKH 5LYHU
$OWZKLFKLVORFDWHGLQ+LJKWRZQWRWKHQRUWKRI/LYHUSRROLQ
WKH 8. 7KLV W\SH RI VRLO FRYHUV D YHU\ ODUJH DUHD RI WKH
+LJKWRZQDVZHOODVWKHFRDVWDODUHDRIWKHULYHUZKLFKFDQEH
XVHGDVIXOOPDWHULDOVLQGLIIHUHQWFRQVWUXFWLRQSURMHFWV)LJ
VKRZVWKHPDSVRI/LYHUSRRODQGWKHFRUUHVSRQGLQJVLWHZKHUH
WKHVRLOVDPSOHVXVHGLQWKLVVWXG\ZHUHH[WUDFWHG
7DEOH,LOOXVWUDWHVWKHPDLQSK\VLFDODQGFKHPLFDORIWKHVRIW
VRLOXVHGLQWKLVVWXG\,WFDQEHVHHQWKDWWKHVRLOLVFRPSRVHG
IURPVDQGVLOWDQGFOD\/LTXLGOLPLW
//DQG,3ZHUHPHDVXUHGDQGWKH\ZHUHIRXQGWREHHTXDOWR
 DQG  UHVSHFWLYHO\ )URP YDOXHV RI WKH SDUDPHWHUV
LOOXVWUDWHG LQ 7DEOH , DQG DFFRUGLQJ WR WKH 8QLILHG 6RLO
&ODVVLILFDWLRQ6\VWHP86&6WKHVRIWVRLOXVHGLQWKLVVWXG\
LVDQLQWHUPHGLDWHSODVWLFLW\VLOW\FOD\ZLWKVDQG&,


)LJ6DWHOOLWHLPDJHVRIWKHVLWHRIH[WUDFWLRQRIWKHVRIWVRLOXVHGLQ
WKHVWXG\

7$%/(,
0$,13+<6,&$/$1'(1*,1((5,1*3523(57,(62)7+(62)762,/
3URSHUW\ 9DOXH
1DWXUDO0RLVWXUH&RQWHQW 
// 
3ODVWLFLW\,QGH[3, 
6DQG 
6LOW 
&OD\ 
0D[LPXP'U\'HQVLW\0''JFP 
2SWLPXPPRLVWXUHFRQWHQW20& 
S+ 
2UJDQLF0DWWHU&RQWHQW 
8QFRQILQHG&RPSUHVVLYH6WUHQJWKIRU
8QGLVWXUEHG6RLOTXN3D 
JFP JUDPFXELFFHQWLPHWHUN3D NLORSDVFDO
B. OPC 
7KH23&XVHG LQ WKLV VWXG\ZDV D FRPPHUFLDOO\ DYDLODEOH
FHPHQW W\SH &(0,,$// 1 DQG LW ZDV EURXJKW IURP
&HPH[4XDOLW\'HSDUWPHQW:DUZLFNVKLUH8.)LJVKRZV
WKH SDUWLFOH VL]H GLVWULEXWLRQ FXUYH RI WKH 23& XVHG LQ WKLV
VWXG\ ZKLFK ZDV REWDLQHG IURP XVLQJ WKH ODVHU SDUWLFOH
DQDO\VHU7KHPDMRUR[LGHVRIWKHXVHG23&DUHOLVWHGLQ7DEOH
,,ZKLFKZHUHPHDVXUHGE\FRQGXFWLQJWKH;5D\)ORUHVFHQFH
6SHFWURPHWU\WHVW;5)


)LJ3DUWLFOHVL]HGLVWULEXWLRQFXUYHRIWKHFHPHQWXVHGLQWKLVVWXG\

)URP )LJ  LW FDQ EH VHHQ WKDW WKH SDUWLFOHV RI WKH23&
XVHGLQWKLVVWXG\DUHUDQJLQJEHWZHHQDQGDSSUR[LPDWHO\
 PLFURPHWUHV ZKLFK ZRXOG HQKDQFH WKH SR]]RODQLF
UHDFWLYLW\EHWZHHQFHPHQWDQGVRLOSDUWLFOHVDQGWKLVLQFUHDVHV
WKH SURGXFWLRQRI WKH FHPHQWLWLRXV FRPSRXQGZKLFKGHYHORS
WKH VRLO VWUHQJWK$GGLWLRQDOO\ WKH ILQH SDUWLFOHV RI DGGLWLYHV
ILOOWKHYRLGVLQVRLOERG\ZKLFKGHFUHDVHWKHVRLOSHUPHDELOLW\
DQG WKLV LPSURYH WKH VRLO SURSHUW\ DJDLQVW WKH VZHOOLQJ DQG
VKULQNDJHVWUHVVHV>@

7$%/(,,
0$,12;,'(6,17+(23&86(',17+(678'<
2[LGH6\PERO &D2 6L2 $O2 )H2 0J2 62
3HUFHQWDJH      
C.Statistical Program 
$ PXOWL UHJUHVVLRQ IXQFWLRQDO RI WKH VWDWLVWLFDO SURJUDP
6366ZDVXVHGLQ WKLVVWXG\7KHUHVXOWVRI8&6WHVWZDV
XWLOLVHG LQ WKLV SURJUDP WR ILQG D UHODWLRQVKLS EHWZHHQ WKH
PHDVXUHG DQG SUHGLFWHG TX RI WKH VRLO WUHDWHG ZLWK GLIIHUHQW
SHUFHQWDJHV RI 23& DQG H[SRVHG WR GLIIHUHQW FXULQJ SHULRG
6366ZDVXVHGWRGHYHORSDQHZVWDWLVWLFDOPRGHOWRHYDOXDWH
8&6 GHSHQGDQW RQ WZR IDFWRUV SHUFHQWDJH RI WKH DGGHG
FHPHQWDQGWKHOHQJWKRIFXULQJSHULRG
,,, (;3(5,0(17$/:25.6
A. Methodology 
$IWHU WKH LGHQWLILFDWLRQRI WKHPDWHULDOV XVHG LQ WKLV VWXG\
VRLO VDPSOHVZHUHDLUGULHG WKHQSXOYHULVHG WR VPDOOSDUWLFOHV
XVLQJ ZRRGHQ KDPPHU WR EH UHDG\ IRU H[SHULPHQWDO ZRUNV
7KH LQYHVWLJDWHG JHRWHFKQLFDO SDUDPHWHUV RI WKH FHPHQW
VWDELOLVHGVRLOXVHG LQ WKLVVWXG\ZHUHFRPSDFWLRQSDUDPHWHUV
0''DQG20&ZKLFKZHUHGHWHUPLQHGE\FRQGXFWLQJ WKH
VWDQGDUG3URFWRU WHVW WKHFRQVLVWHQF\ OLPLWV //SODVWLF OLPLW
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
3/DQG,3DQG8&6WRPHDVXUHWKHPD[LPXPVRLOVWUHQJWK
TX)LJVKRZVWKHIORZFKDUWRIWHVWLQJUHJLPHFRQGXFWHGLQ
WKLVVWXG\

)LJ)ORZFKDUWRIWHVWLQJUHJLPHDGRSWHGLQWKHVWXG\

B. Samples Preparation and Testing Conditioning 
7KH VDPSOHV IRU ERWK FRQVLVWHQF\ OLPLWV DQG FRPSDFWLRQ
SDUDPHWHUV WHVWV ZHUH SUHSDUHG E\ PL[LQJ GLIIHUHQW
SHUFHQWDJHV RI23&ZLWK WKH VRIW VRLOPDQXDOO\7KHPL[LQJ
SURFHVV ZDV FRQWLQXHG IRU DSSUR[LPDWHO\  PLQXWHV XQWLO
JHWWLQJ DKRPRJHQHRXV FRORXU IRU WKHPL[WXUH WKHQ WKH WHVWV
ZHUH FRQGXFWHG DIWHU DGGLQJ WKH WDE ZDWHU WR WKH PL[WXUH
LPPHGLDWHO\ // WHVWZDV FRQGXFWHG E\ IDOOLQJ FRQHPHWKRG
XVLQJ FRQH SHQHWURPHWHU DSSDUDWXV DFFRUGLQJ WR WKH %ULWLVK
VWDQGDUG %6  >@ 7KH FRPSDFWLRQ WHVW ZDV
FRQGXFWHGXVLQJVWDQGDUG3URFWRU WHVWPHWKRG WRPHDVXUH WKH
0''DQG20&IRUHDFKFRUUHVSRQGLQJSHUFHQWDJHRI23&LQ
DFFRUGDQFHZLWK%ULWLVKVWDQGDUG%6>@
7KH VSHFLPHQVRI8&6 WHVWZHUHSUHSDUHGE\SUHVVLQJ WKH
VRLOFHPHQW SDVWH LQ IL[HG YROXPH PRXOG XVLQJ PDQXDO
K\GUDXOLFMDFNWRSURGXFHVSHFLPHQVZLWKVWDQGDUGGLPHQVLRQ
PPLQGLDPHWHUDQGPPLQKHLJKWDVVKRZQLQ)LJ
7KHQ WKH VSHFLPHQV ZHUH ODEHOOHG DQG ZUDSSHG ZLWK FOLQJ
ILOPWKHQVWRUHGLQKXPLGLW\FDELQHWIRUFXULQJXQGHUR&
LQ WHPSHUDWXUH DQGKXPLGLW\8&6 WHVWZDV FRQGXFWHG
XVLQJ D WULD[LDO WHVWLQJ PDFKLQH E\ PDLQWDLQLQJ WKH ODWHUDO
SUHVVXUH WR EH HTXDO WR ]HUR DQG LQ DFFRUGDQFH WR %ULWLVK
VWDQGDUG%6>@

)LJ3UHSDULQJRI8&6WHVWVSHFLPHQV
,95(68/76$1'',6&866,21
A. Results of Experimental Works 
7KH HIIHFW RI FHPHQW VWDELOLVDWLRQ RQ WKH FRPSDFWLRQ
SDUDPHWHUVRIWKHVRLOWUHDWHGLQWKLVVWXG\LVVKRZQLQ)LJ
,WFDQEHVHHQWKDWWKH0''GHFUHDVHGDQGWKH20&LQFUHDVHG
ZLWK WKH LQFUHDVH RI WKH DPRXQW RI WKH DGGHG FHPHQW WR WKH
VRLO 7KLV LV DWWULEXWHG WR WKH IORFFXODWLRQ DQG WKH
DJJORPHUDWLRQWRRNSODFHEHWZHHQFOD\SDUWLFOHVLQWKHVRLODQG
FHPHQW )LJ  VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH DGGHG
SHUFHQWDJHRI23&DQGWKHFRQVLVWHQF\OLPLWVRIWKHVWDELOLVHG
VRLO ,W FDQ EH VHHQ WKDW WKH YDOXH RI // LQFUHDVHG ILVW ZLWK
&ROOHFWLRQRIVRIWVRLOVDPSOHV
'U\LQJDQGFUDVKLQJSURFHVVHVWRSUHSDUHDSRZGHUIRUPRIVRLO
&RQGXFWWKHH[SHULPHQWIRUVRLO
DQGFHPHQWLGHQWLILFDWLRQ
3UHSDULQJFHPHQWVRIWVRLODGPL[WXUHVXVLQJ
RI23&E\WKHGU\ZHLJKWRI
WUHDWHGVRLOXVLQJPDQXDOGU\PL[LQJSURFHVV
&RPSDFWLRQWHVW8QFRQILQHGFRPSUHVVLRQWHVW $WWHUEHUJOLPLWVWHVW
$SSO\WKHWHVWRQ
VSHFLPHQVFXUHGIRU
GLIIHUHQWFXULQJSHULRGV
DQG
GD\VWRPHDVXUHTX
PD[LPXPIRUHDFK
FRUUHVSRQGLQJ
SHUFHQWDJHRI23&
&RQGXFWWKHVWDQGDUG
3URFWRUWHVWIRUHDFK
FRUUHVSRQGLQJ
SHUFHQWDJHRI23&WR
GHWHUPLQHWKH0''	
20&

7RLQYHVWLJDWHWKHHIIHFW
RIFHPHQWWUHDWPHQWRQ
WKH//SODVWLFOLPLWDQG
,3RIWKHVRIWVRLOXVHGLQ
WKLVVWXG\

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
LQFUHDVHRI23&SHUFHQWDJHXS WR WKHQVWDLGFRQVWDQW IRU
WKHQVWDUWHGWRGHFUHDVHVOLJKWO\ZLWKWKHXVHRI23&
2QWKHRWKHUKDQGVLJQLILFDQWLQFUHPHQWVZHUHREVHUYHGZLWK
UHVSHFWWR3/IRUWKHVRLOWUHDWHGZLWK23&XSWRWKHQWKHUH
ZDV DOVR VOLJKW GHFUHDVH IRU 23& 7KHVH GLIIHUHQFHV LQ
WKH UDWHV RI LQFUHPHQWV IRU // DQG 3/ OHG WR VLJQLILFDQW
GHFUHDVHLQ,3ZKLFKGHFUHDVHGIURPIRUXQWUHDWHGVRLOWR
E\XVLQJRI23&


)LJ&RPSDFWLRQSDUDPHWHUVFXUYHVIRUWKHVRLOWUHDWHGZLWK23&


)LJ(IIHFWRI23&RQWKH$WWHUEHUJOLPLWV

7KH PD[LPXP YDOXHV RI 8&6 RI WKH VRIW VRLO VSHFLPHQV
WUHDWHG ZLWK GLIIHUHQW SHUFHQWDJHV RI 23& DQG H[SRVHG WR
GLIIHUHQW OHQJWKV RI FXULQJ SHULRGV DUH VKRZQ LQ )LJ  7KH
UHVXOWVRI8&6 WHVW LQGLFDWHG WKDW VRLO VWUHQJWKZDV LPSURYHG
VLJQLILFDQWO\ HVSHFLDOO\ IRU WKH23&SHUFHQWDJHV EH\RQG
+RZHYHUQRVLJQLILFDQW LPSURYHPHQW LQ8&6ZHUHREVHUYHG
IRU FXULQJ SHULRG ORQJHU WKDQ  GD\V IRU DOO SHUFHQWDJHV RI
23&2YHUDOOWKH8&6RIWKHVRIWVRLOXVHGLQWKLVVWXG\ZDV
LPSURYHG VLJQLILFDQWO\ ZLWK WKH FHPHQW WUHDWPHQW ZKHQ LW
LQFUHDVHGIURPN3DIRUXQWUHDWHGVRLOWRN3DZLWKWKH
XVHRI23&DQGDIWHUGD\VRIFXULQJ
 
)LJ'HYHORSPHQWRI8&6IRUWKHVRLOWUHDWHGZLWK23&
B. Development of the Statistical Model 
7KHFXUUHQWVHFWLRQRIZRUNFRQFHUQVWKHGHYHORSPHQWRID
VWDWLVWLFDO PRGHO GHSHQGLQJ RQ WKH REWDLQHG UHVXOWV IURP
H[SHULPHQWDO ZRUN 7KLV PRGHO KDV EHHQ GHYHORSHG XVLQJ
PXOWLSOH UHJUHVVLRQ WHFKQLTXH 7KH ODWWHU FDQ EH GHILQHG DV
SDFN RI WHFKQLTXHV WKDW KHOSV WR GHYHORS D UHODWLRQVKLS
EHWZHHQ D GHSHQGHQW YDULDEOH ZLWK VHW RI LQGHSHQGHQW
YDULDEOHV >@ ,Q IDFW PXOWLSOH UHJUHVVLRQ WHFKQLTXH LV QRW
DSSOLFDEOHIRUVPDOOVHWVRIGDWDDQGWKHUHPRUHWKDQRQHNH\
DVVXPSWLRQ PXVW EH FKHFN EHIRUH SHUIRUPLQJ WKLV WHFKQLTXH
ZKHUH >@ UHFRPPHQGHG WKH IROORZLQJ IRUPXOD WR FDOFXODWH
WKHPLQLPXPUHTXLUHGGDWDVL]H








                
'U
\G
HQ
VLW
\J
P
FP

:DWHUFRQWHQW
23&
23&
23&
23&
23&
23&









    
:
DWH
UF
RQ
WHQ
W
23&
// 3/ ,3
ϭϬϬ
ϯϬϬ
ϱϬϬ
ϳϬϬ
ϵϬϬ
ϭϭϬϬ
ϭϯϬϬ
ϭϱϬϬ
Ϭ ϯϬ ϲϬ ϵϬ
h
^;
ŬW
ĂͿ
ƵƌŝŶŐƚŝŵĞ;ĂǇƐͿ
sŝƌŐŝŶ^Žŝů ϭ͘ϱйKW ϯйKW
ϲйKW ϵйKW ϭϮйKW
World Academy of Science, Engineering and Technology
International Journal of Civil, Environmental, Structural, Construction and Architectural Engineering Vol:10, No:7, 2016 
888International Scholarly and Scientific Research & Innovation 10(7) 2016 scholar.waset.org/1999.3/10005135
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x,
 C
iv
il 
an
d 
En
vi
ro
nm
en
ta
l E
ng
in
ee
rin
g 
V
ol
:1
0,
 N
o:
7,
 2
01
6 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
10
00
51
35

ܵ ൐ ͷͲ ൅ ͺܸ   

ZKHUH S DQG V DUH GDWD VL]H DQG QXPEHU RI LQGHSHQGHQW
SDUDPHWHUVUHVSHFWLYHO\
&RQVWUXFWLRQRIDPXOWLSOHUHJUHVVLRQPRGHOPXVWEHSDVVHG
WKURXJKWKHIROORZLQJVWHSV>@
 &KHFN WKH PDLQ DVVXPSWLRQV RI WKH PXOWLSOH UHJUHVVLRQ
PRGHO ZKLFK LQFOXGH WKH SUHVHQFH RI PXOWLFROOLQHDULW\
RXWOLHUV QRUPDOLW\ OLQHDULW\ DQG KRPRVFHGDVWLFLW\ RI
UHVLGXDOV 7KH SUHVHQFH RI WKHVH SDUDPHWHUV QHJDWLYHO\
LQIOXHQFHVWKHUHOLDELOLW\RIWKHFRQVWUXFWHGPRGHO
 (YDOXDWLQJWKHFRQVWUXFWHGPRGHO
 &KHFN WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH LQGHSHQGHQW
YDULDEOHV
,QRUGHUWRFKHFNWKHPHQWLRQHGDVVXPSWLRQVDQGWRGHYHORS
D UHOLDEOH PXOWLSOH UHJUHVVLRQ PRGHO 6366 DQG ([FHO
VRIWZDUHZHUHXVHG
,QLWLDOO\ WKH PLQLPXP UHTXLUHG GDWD SRLQWV ZHUH FKHFNHG
XVLQJWKLVDVVXPSWLRQKDVEHHQPHWDVGDWDSRLQWVKDV
EHHQXVHGLQWKHFXUUHQWVWDWLVWLFDODQDO\VLVZKLOHWKHUHTXLUHG
SRLQWVDUHWZR LQGHSHQGHQWYDULDEOHV ZHUH XVHG7KHQWKH
SUHVHQFH RI WKH PXOWLFROOLQHDULW\ KDV EHHQ FKHFNHG E\
GHWHUPLQLQJ WKH WROHUDQFH YDOXH 7DEOH ,,, ZKHUH >@
UHFRPPHQGHG WKDW WKH PXOWLFROOLQHDULW\ SUHVHQWV ZLWKLQ WKH
VWXGLHG GDWDZKHQ WKH WROHUDQFH YDOXH LV OHVV WKDQ7KXV
WKHPXOWLFROOLQHDULW\LVQRWSUHVHQWDVWKHWROHUDQFHYDOXHRIWKH
FROOHFWHG GDWD ZDV  7KH SUHVHQFH RI RXWOLHUV LQ WKH
H[SHULPHQWDO GDWD ZDV H[DPLQHG E\ GHWHUPLQLQJ WKH
0DKDODQRELVGLVWDQFHVZKLFKPXVWEHOHVVWKDQIRUWZR
LQGHSHQGHQW YDULDEOHV >@ WKH PD[LPXP 0DKDODQRELV
GLVWDQFHVLQWKHSUHVHQWLQYHVWLJDWLRQZDVWKDWLQGLFDWHWKH
DEVHQFH RI RXWOLHUV ZLWKLQ WKH FROOHFWHG GDWD )LQDOO\ WKH
H[LVWHQFH RI QRUPDOLW\ OLQHDULW\ DQG KRPRVFHGDVWLFLW\ RI
UHVLGXDOVDOOWKHVHSDUDPHWHUVDUHUHODWHGWRWKHGLVWULEXWLRQRI
GDWD SRLQWV ZDV LQYHVWLJDWHG E\ H[DPLQH WKH QRUPDO
GLVWULEXWLRQRIGDWDZKHUHRI WKH VWDQGDUGLVHG UHVLGXDOV
PXVW EH ZLWKLQ WKH UDQJH RI  WR  >@ 7KH REWDLQHG
UHVXOWV VKRZHG WKDW OHVV WKDQ  RI WKH VWXGLHG GDWD ZHUH
H[FHHGHGWKHPHQWLRQHGUDQJH

7$%/(,,,
5(68/762)7+(67$7,67,&$/$1$/<6,6
3DUDPHWHU 7ROHUDQFH 0D[0DKDODQRELV'LVWDQFH 5 $GMXVWHG5 6WDQGDUGL]HGUHVLGXDO %HWD 6LJ0D[ 0LQ
$JH   

  
 
23&   

7KH IROORZLQJPRGHO KDV EHHQGHYHORSHG XVLQJ6366
GHSHQGLQJRQWKHH[SHULPHQWDOGDWD

ܷܵܥ ൌ ͳ͵ͺǤ͸͵ ൅ܱܲܥ כ ͹ͶǤʹͻ ൅ ܣ݃݁ כ ͵Ǥͳʹʹ    

7KHVHFRQGVWHSWKDWLQFOXGHVHYDOXDWLRQRIWKHFRQVWUXFWHG
PRGHOLVVWHSH[DPLQHWKHDELOLW\RIWKHPRGHOWRH[SODLQWKH
UHODWLRQVKLS EHWZHHQ WKH GHSHQGHQW YDULDEOH DQG WKH
LQGHSHQGHQW YDULDEOHV &RHIILFLHQW RI GHWHUPLQDWLRQ 5 LV
HIILFLHQW WRRO WR HYDOXDWH WKH FRQVWUXFWHG PRGHO ZKHUH WKH
KLJKHU WKH 5 FORVH WR  WKH KLJKHU WKH DFFXUDF\ RI WKH
UHJUHVVLRQPRGHO>@7KHREWDLQHGUHVXOWVIURPWKHVWDWLVWLFDO
DQDO\VHV7DEOH,,,VKRZHGWKDWWKH5YDOXHZDVZKLFK
LVDQDFFHSWDEOHYDOXH>@
)LQDOO\WKHFRQWULEXWLRQRIHDFKLQGHSHQGHQWYDULDEOHWRWKH
FRQVWUXFWHG PRGHO KDV EHHQ LQYHVWLJDWHG E\ FDOFXODWLQJ LWV
VWDWLVWLFDO VLJQLILFDQW Sig. DQG Beta YDOXH 7KH WHUP Sig. 
LQGLFDWHVZKHWKHUWKHVWXGLHGLQGHSHQGHQWYDULDEOHFRQWULEXWHV
WRWKHPRGHORUQRWDQ\LQGHSHQGHQWYDULDEOHZLWKSig. YDOXH
PRUHWKDQZLOOQRWFRQWULEXWHWRWKHPRGHOEXWLWSOD\DQ
LPSRUWDQWUROHLQWKHSUHGLFWLRQSURFHVVZKHQLWVSig.YDOXHLV
OHVV WKDQ  >@ :KLOH Beta YDOXH LQGLFDWHV WKH UHODWLYH
LPSRUWDQFH RI HDFK LQGHSHQGHQW YDULDEOH ZLWKLQ WKH
FRQVWUXFWHG PRGHO WKH KLJKHU WKH Beta YDOXH WKH KLJKHU
UHODWLYHLPSRUWDQFH>@$FFRUGLQJWRWKHUHVXOWVRI7DEOH,,,
DOO WKH VWXGLHG SDUDPHWHUV VLJQLILFDQWO\ FRQWULEXWH WR WKH
FRQVWUXFWHGPRGHO DV WKHLUSig. YDOXHVDUH OHVV WKDQ$W
WKH VDPH WLPH LW FDQ EH VHHQ WKDW WKH 23& LQGHSHQGHQW
YDULDEOHSOD\VWKHPRVWLPSRUWDQWUROHLQWKHPRGHODVLWVBeta
YDOXH LV DERXW WKUHH WLPHV WKDW RI DJH )LJ  VKRZV KLJK
FRUUHODWLRQ EHWZHHQ WKH REWDLQHG SUHGLFWHG UHVXOWV XVLQJ WKH
PRGHO DQG WKH H[SHULPHQWDO RQHVZKHUH LW FDQ EH VHHQ WKDW
WKH5YDOXHLVDERXW

)LJ([SHULPHQWDO8&6YV3UHGLFWHG8&6
9&21&/86,216
7KLVVWXG\HYDOXDWHVWKHJHRWHFKQLFDOSDUDPHWHUVRIFHPHQW
VWDELOLVHGVRIWVRLOWKURXJKFRQGXFWLQJWKHH[SHULPHQWDOZRUNV
IRU FRPSDFWLRQ SDUDPHWHUV FRQVLVWHQF\ OLPLWV DQG 8&6
$GGLWLRQDOO\WKLVSDSHUSURYLGHVDVWDWLVWLFDOPRGHOWRSUHGLFW
WKH FRPSUHVVLYH VWUHQJWK RI WKH VWDELOLVHG VRLO IRU GLIIHUHQW
SHUFHQWDJHVRI23&DQGOHQJWKVRIFXULQJSHULRGGHSHQGDQWRQ
WKH PHDVXUHG GDWD IURP WKH H[SHULPHQWV $FFRUGLQJ WR WKH
ILQGLQJVRIWKLVUHVHDUFKVWXG\WKHIROORZLQJFRQFOXVLRQVFDQ
EHGUDZQ
x 7KH UHVXOWV RI FRPSDFWLRQ WHVW LQGLFDWHG WKDW 0''
GHFUHDVHGZLWKLQFUHDVHRIWKHDGGHGSHUFHQWDJHRI23&
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
2Q WKHRWKHUKDQG WKH20&LQFUHDVHGZLWK WKH LQFUHDVH
RI23&GXH WR WKH LQFUHDVHRIZDWHUGHPDQG IRU FHPHQW
K\GUDWLRQ
x &HPHQWVWDELOLVDWLRQZDVIRXQGYHU\HIIHFWLYHWRLPSURYH
$WWHUEHUJ OLPLWVRI+LJKWRZQ¶VVRIWVRLO%RWKRI//DQG
3/ LQFUHDVHG ZLWK LQFUHDVH RI 23& EXW WKH LQFUHPHQWV
RFFXUUHG LQ // ZHUH OHVV WKDQ WKRVH IRU 3/ WKXV WKH
YDOXHV RI ,3 GHFUHDVHG ZKLFK OHDG WR HQKDQFH WKH VRLO
VWUHQJWK DJDLQVW WKH VWUHVVHV RI VZHOOLQJ DQG VKULQNDJH
2YHUDOO,3ZDVGHFUHDVHGIURPWRE\XVLQJ
23&
x 7KH UHVXOWV RI8&6 WHVW LQGLFDWHG DQ LQFUHDVH LQ WKH VRLO
VWUHQJWKZLWKFRQWLQXRXVLQFUHDVHLQ23&DVZHOODVLQWKH
LQFUHDVHRIFXULQJ WLPH$GGLWLRQDOO\ WKH UHVXOWVRI8&6
WHVWUHYHDOHGWKDW WKHUHZDVFOHDUGHYHORSPHQW LQ WKHVRLO
VWUHQJWK EH\RQG  RI 23& +RZHYHU WKH PRVW RI WKH
GHYHORSPHQWV JDLQHG LQ VRLO VWUHQJWK ZHUH DFKLHYHG
EHWZHHQDQGGD\VRIFXULQJ
x :LWK UHVSHFW WKH HDUO\ DJH VWUHQJWK  DQG  GD\V WKH
UHVXOWV LQGLFDWHG WKDW VLJQLILFDQW LPSURYHPHQW ZDV
DFKLHYHGIRUVRLOWUHDWHGZLWKDQGDERYHRI23&
x 7KH FRQVWUXFWHG PRGHO VKRZHG D YHU\ JRRG
UHSURGXFLELOLW\ ZLWK 5 RI  ,Q DGGLWLRQ WKH
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